Relation of enzyme activity to local/global stability of murine adenosine deaminase: 19F NMR studies.
Adenosine deaminase (ADA, EC 3.5.4.4) is a ubiquitous (beta/alpha)8-barrel enzyme crucial for purine metabolism and normal immune competence. In this study, it was observed that loss of enzyme activity of murine ADA (mADA) precedes the global secondary and tertiary structure transition when the protein is exposed to denaturant. The structural mechanism for this phenomenon was probed using site-specific 19F NMR spectroscopy in combination with [6-19F]tryptophan labeling and inhibitor binding. There are four tryptophan residues in mADA and all are located more than 12 A from the catalytic site. The 19F NMR spectra of [6-19F]Trp-labelled mADA show that the urea-induced chemical shift change of 19F resonance of W161, one of the four tryptophan 19F nuclei, correlates with the loss of enzyme activity. The urea-induced chemical shift change of another 19F resonance of W117 correlates with the change of the apparent rate constant for the binding of transition-state analogue inhibitor deoxycoformycin to the enzyme. On the other hand, the chemical environment of the local region around W264 does not change significantly, as a consequence of perturbation by low concentrations of urea or substrate analog. The results indicate that different regions of mADA have different local stability, which controls the activity and stability of the enzyme. The results provide new insights into the relationship between the function of a protein and its conformational flexibility as well as its global stability. This study illustrates the advantage of 19F NMR spectroscopy in probing site-related conformational change information in ligand binding, enzymatic activity and protein folding.